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(57) ABSTRACT 

By providing test features of increased thickness in a test 
structure for performing an X-ray diffraction measurement for 
evaluating the crystalline characteristics, such as the contents 
of germanium, an increased accuracy may be achieved, since 
the patterned SOI layer may be used as an e?icient reference 
for the required data analysis. 
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TEST STRUCTURE FOR DETERMINING 
CHARACTERISTICS OF SEMICONDUCTOR 
ALLOYS IN SOI TRANSISTORS BY X-RAY 

DIFFRACTION 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
Generally, the present disclosure relates to integrated cir 

cuits, and, more particularly, to complex circuits formed 
according to silicon-on-insulator (SOI) architecture on the 
basis of semiconductor alloys, such as silicon/ germanium, for 
enhancing transistor performance. 

2. Description of the Related Art 
Complex integrated circuits include a large number of tran 

sistors, such as P-channel and N-channel ?eld effect transis 
tors, When a CMOS device is considered. Generally, a plural 
ity of process technologies are currently practiced, Wherein, 
for complex circuitry, such as microprocessors, storage chips, 
ASICs (application speci?c ICs) and the like, CMOS tech 
nology is currently one of the most promising approaches, 
due to the superior characteristics in vieW of operating speed 
and/ or poWer consumption and/or cost ef?ciency. During the 
fabrication of complex integrated circuits using CMOS tech 
nology, millions of complementary transistors, i.e., N-chan 
nel transistors and P-channel transistors, are formed on a 
substrate including a crystalline semiconductor layer. A MOS 
transistor, irrespective of Whether an N-channel transistor or 
a P-channel transistor is considered, comprises so-called PN 
junctions that are formed by an interface of highly doped 
drain and source regions With an inversely or Weakly doped 
channel region disposed betWeen the drain region and the 
source region. 
The conductivity of the channel region, i.e., the drive cur 

rent capability of the conductive channel, is controlled by a 
gate electrode formed above the channel region and separated 
therefrom by a thin insulating layer. The conductivity of the 
channel region, upon formation of a conductive channel due 
to the application of an appropriate control voltage to the gate 
electrode, depends on the dopant concentration, the mobility 
of the majority charge carriers, and, for a given extension of 
the channel region in the transistor Width direction, on the 
distance betWeen the source and drain regions, Which is also 
referred to as channel length. Hence, in combination With the 
capability of rapidly creating a conductive channel beloW the 
insulating layer upon application of the control voltage to the 
gate electrode, the conductivity of the channel region sub 
stantially determines the performance of the MOS transistors. 
Thus, the latter aspect renders the reduction of the channel 
length, and associated thereWith the reduction of the channel 
resistivity, a dominant design criterion for accomplishing an 
increase in the operating speed of the integrated circuits. 

Since the continuous siZe reduction of the critical dimen 
sions, i.e., the gate length of the transistors, necessitates great 
efforts for the adaptation and possibly the neW development 
of process techniques, it has been proposed to also enhance 
device performance of the transistor elements by increasing 
the charge carrier mobility in the channel region for a given 
channel length. One ef?cient technique is based on the con 
cept of modifying the lattice structure in the channel region, 
for instance by creating tensile or compressive strain, Which 
results in a modi?ed mobility for electrons and holes, respec 
tively. For example, creating tensile strain in the channel 
region may increase the mobility of electrons, Which, in turn, 
may directly translate into a corresponding increase in the 
conductivity. On the other hand, compressive strain in the 
channel region may increase the mobility of holes, thereby 
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2 
providing the potential for enhancing the performance of 
P-type transistors. Therefore, in some approaches, for 
instance, a silicon/germanium layer is provided in or beloW 
the channel region to create tensile or compressive strain 
therein. In other strategies, a silicon/ germanium material is 
formed in the drain and source regions in the form of a 
strained layer, thereby inducing a respective strain in the 
adjacent channel region. The silicon/ germanium alloy may be 
formed on the basis of epitaxial groWth techniques, Wherein 
the respective process parameters may be controlled so as to 
incorporate a speci?ed amount of germanium into the silicon, 
Which substantially determines the degree of lattice mismatch 
that may ?nally be obtained in the respective channel region. 

Moreover, With respect to transistor performance, in addi 
tion to other advantages, the SOI architecture has been con 
tinuously gaining in importance for manufacturing MOS 
transistors, due to their characteristics of a reduced parasitic 
capacitance of the PN junctions, thereby alloWing higher 
sWitching speeds compared to bulk transistors. In SOI tran 
sistors, a relatively thin crystalline silicon layer is formed on 
a buried insulation layer and the drain and source regions are 
formed Within the thin silicon layer. Thus, the semiconductor 
portion, in Which the drain and source regions as Well as the 
channel region are formed, may be dielectrically encapsu 
lated by the buried insulating layer and respective trench 
isolations, Which provide the lateral insulation to neighboring 
devices. Due to these advantages, the strain engineering is 
also used in SOI transistor devices, in Which the silicon/ 
germanium material may be groWn on the basis of the thin 
upper silicon layer in order to obtain the desired strain char 
acteristics in the respective channel region, thereby signi? 
cantly contributing to a performance gain of SOI transistors. 

Thus, When using strain engineering on the basis of silicon/ 
germanium alloys as described above, it is important to cali 
brate the epitaxial groWth process and also to monitor the 
process result in order to maintain product reliability and 
uniformity. For this purpose, Well-established techniques 
may be used, one of Which includes x-ray diffraction tech 
niques, in Which the response of the crystalline structure of a 
dedicated portion on a semiconductor device With respect to 
an incoming x-ray beam is evaluated in order to determine, 
for instance, the germanium contents of the epitaxial mate 
rial. Although corresponding techniques may Work Well for 
bulk devices, problems may arise for SOI devices, as Will be 
explained With reference to FIGS. 1a-1c in more detail. 

FIG. 1a schematically illustrates a typical test arrangement 
for determining the contents of germanium in a silicon/ger 
manium layer epitaxially groWn on a bulk substrate. A sub 
strate 100 comprises a crystalline base material 101, for 
example a silicon substrate, on Which is formed an epitaxial 
silicon/germanium layer 102, Which may be formed as a 
strained semiconductor material, When the layer 102 has sub 
stantially the same lattice spacing as the crystalline base 
material 101. In other cases, a signi?cant portion of the layer 
102 may represent a relaxed silicon/ germanium layer, When, 
for instance, a corresponding buffer layer (not shoWn) may be 
provided betWeen the base material 101 and the layer 102 in 
order to continuously increase the amount of germanium, 
thereby also continuously increasing the corresponding lat 
tice spacing, Which may ?nally substantially correspond to 
the natural lattice spacing of silicon/ germanium, Which, as 
previously explained, may depend on the amount of germa 
nium incorporated in the silicon-based material. Further 
more, the layer 102 may be formed on the basis of any 
Well-established epitaxial groWth techniques, Wherein 
respective process parameters may also have an in?uence on 
the characteristics of the ?nal layer 102. 
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In order to determine the respective germanium contents of 
the layer 102, an x-ray diffraction system 150 may be used, 
Which may comprise a radiation source 151 that is con?gured 
to provide a substantially mono-energetic x-ray beam 153, 
Which may interact With the device 100. Furthermore, an 
x-ray detector 152 is provided to receive a scattered x-ray 
beam 154, Wherein the angular relationship betWeen the 
source 151, the detector 152 and the substrate 101 may be 
varied so as to detect respective intensity variations depend 
ing on the respective set of crystallographic planes respond 
ing to the incoming x-ray beam 153. A corresponding mea 
surement result illustrating the intensity variation in relation 
to the angle of incidence is schematically illustrated on the 
right-hand side of FIG. 1a, Wherein a corresponding curve 
may also be referred to as a Rocking curve. 

It should be appreciated that the x-ray beam 153 has a large 
penetration depth and thus interacts simultaneously With the 
layer 102 and also With the base material 101 such that the 
corresponding intensity spectrum may exhibit the response of 
a signi?cant portion of the irradiated area of the substrate 100. 
For instance, an appropriate scan area for the angular range 
for the angle of incidence may be selected for an appropri 
ately selected Wavelength of the beam 153, Which may be 
accomplished on the basis of the Well-knoWn Bragg relation. 
For instance, the intensity curve as shoWn in FIG. 111 may 
schematically illustrate a respective response for the re?ec 
tion of (004) crystal planes on the basis of a Wavelength of the 
incident beam 153 of 1.54 A, corresponding to the copper KO. 
line. Due to the signi?cant amount of silicon material in the 
base layer 101, a prominent peak may be obtained during the 
angular scan, as is indicated in the spectrum, While a corre 
sponding peak, Which is signi?cantly reduced in intensity and 
may have an increased Width compared to the silicon peak, 
may be obtained for the silicon/ germanium layer 102, due to 
the slightly different lattice spacing and thus a different Bragg 
angle. Based on the angular difference betWeen the tWo 
peaks, the contents of germanium in the layer 102 may be 
calculated and may therefore be used for calibrating and/or 
evaluating the corresponding epitaxial groWth process. Con 
sequently, for bulk substrates having formed thereon an epi 
taxially groWn silicon/germanium layer, a highly ef?cient 
process control may be accomplished on the basis of the 
respective measurement data. 

FIG. 1b schematically illustrates the corresponding situa 
tion for an SOI substrate 100, Which may comprise the base 
material 101, a buried insulating layer 103, for instance a 
silicon dioxide layer, and a silicon layer 104 formed on the 
buried insulating layer 103. The substrate 100 of FIG. 1b, 
When subjected to the x-ray diffractrometric measurement, 
may also produce a response that is a combination of the 
layers 103 and 101, Wherein the buried insulating layer 103 
may only add substantially diffused radiation, thereby con 
tributing to the overall noise of the measurement. The right 
hand side of FIG. 1b schematically illustrates a respective 
response, Wherein the peaks of the layer 101 and 104 may 
exhibit a certain angular difference, depending on the relative 
crystalline orientation of the layers 104 and 101. For instance, 
When the substrate 100 is formed by Wafer bond techniques, 
a slight mismatch, for instance a tWist and/or a tilt of the 
respective crystallographic orientations, may be caused, 
since crystals of different crystalline substrates are combined. 
Thus, as indicated by the arroWs 101D and 104D, a tilt 
betWeen respective crystallographic planes may result in a 
corresponding different location (in the angular scan range) 
of the respective intensity peaks, Wherein, as previously 
explained With the layer 102 in FIG. 1a, the signi?cantly 
reduced thickness of the material of the layer 104 With respect 
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4 
to the base material 101, of Which a signi?cant portion may 
contribute to the overall response to the incoming x-ray beam, 
may result in the signi?cantly reduced intensity. Depending 
on the resolution of the measurement system 150, and 
depending on the degree of lattice mismatch, the correspond 
ing peak of the layer 104 may be resolved or may not be 
unambiguously determined. 

FIG. 10 schematically illustrates the situation When the 
substrate 100 represents an SOI substrate, Whose SOI silicon 
layer 104 may receive the silicon/germanium alloy 102 so 
that a patterned structure is formed, Which may additionally 
comprise any non-crystalline areas 105, such as dielectric 
materials and the like. For instance, the silicon/ germanium 
alloy 102 may be formed as a substantially embedded mate 
rial that may be groWn in respective recesses formed in spe 
ci?c layer portions of the SOI silicon layer 104. In this case, 
the response of the residue of the SOI layer 104 may be even 
further reduced, similarly to the response of the material 102, 
While nevertheless a respective peak of the base material 101 
is provided With high intensity due to the high amount of 
material contributing to the response of the incoming x-ray. 
The right-hand side of FIG. 10 may schematically illustrate a 
corresponding response, Wherein a recogniZable peak for the 
material 102 may still be obtained, While the respective peak 
of the silicon layer 104 may no longerbe detectable due to the 
signi?cant background noise. Consequently, in conventional 
measurement strategies for determining the contents of ger 
manium in patterned SOI substrates on the basis of x-ray 
diffractrometry, the prominent peak of the base material 101 
is used for the calculation. As previously explained, hoWever, 
the corresponding crystalline orientation of the base material 
101 may have a speci?c deviation With respect to the layer 
104, While the characteristics of the alloy material 102 are 
determined by the layer 104 so that the corresponding calcu 
lation may provide a highly inaccurate result, Which may 
reduce the performance of a corresponding process to cali 
brate and/or monitor the respective epitaxial groWth process. 

In vieW of the situation described above, there exists a need 
for determining characteristics of a semiconductor alloy on 
the basis of x-ray diffractrometry While avoiding or at least 
reducing the effects of one or more of the problems identi?ed 
above. 

SUMMARY OF THE INVENTION 

The folloWing presents a simpli?ed summary of the inven 
tion in order to provide a basic understanding of some aspects 
of the invention. This summary is not an exhaustive overvieW 
of the invention. It is not intended to identify key or critical 
elements of the invention or to delineate the scope of the 
invention. Its sole purpose is to present some concepts in a 
simpli?ed form as a prelude to the more detailed description 
that is discussed later. 

Generally, the present disclosure is directed to a technique 
that may enable the increase of the signal-to-noise ratio of a 
response to an incoming x-ray beam in a test structure includ 
ing an SOI architecture, such that a response of a patterned 
SOI layer may be detectable and thus may be used as a 
reference for determining one or more crystalline parameters 
of the semiconductor alloy. Consequently, respective pro 
cesses for forming semiconductor alloys in patterned SOI 
substrates may be e?iciently controlled on the basis of non 
destructive and Well-available x-ray measurement tech 
niques. The enhanced responsiveness of a respective test 
structure may be obtained, in some aspects, by appropriately 
redesigning a corresponding test structure so as to include 
semiconductor portions of the SOI layer that extend substan 



US 7,763,476 B2 
5 

tially along the entire depth, thereby providing an increased 
interaction With the incoming x-ray beam. In other aspects, 
additionally or alternatively, the lattice mismatch betWeen the 
crystalline base material and the SOI semiconductor layer 
may be intentionally increased so that the peak of the base 
material having the high intensity is Well beyond an angular 
range of interest for estimating the semiconductor alloy. 

According to one illustrative embodiment disclosed 
herein, a semiconductor device comprises a substrate com 
prising a ?rst SOI region and a second SOI region. Moreover, 
a plurality of transistors is formed in the ?rst SOI region, 
Which comprise a semiconductor alloy. Moreover, a test 
structure is formed in the second SOI region, Wherein the test 
structure comprises a plurality of ?rst test features comprised 
of the semiconductor alloy and a plurality of second test 
features. The second test features are formed laterally adja 
cent to the ?rst test features and extend to a buried insulating 
layer of the second SOI region. 

According to another illustrative embodiment disclosed 
herein, a test structure comprises a crystalline substrate hav 
ing formed thereon an insulating layer and a semiconductor 
layer that is formed on the insulating layer. Furthermore, the 
crystalline substrate and the semiconductor layer have a lat 
tice tilt mismatch of approximately 2 degrees or more. Fur 
thermore, a crystalline region comprises a semiconductor 
alloy and is embedded in the semiconductor layer. 

According to yet another illustrative embodiment dis 
closed herein, a method comprises forming a semiconductor 
alloy in a test structure that is formed above a substrate, 
Wherein the substrate comprises an SOI portion having a 
crystalline base layer, a buried insulating layer and a pre 
pattemed crystalline semiconductor layer. The method fur 
ther comprises increasing a signal/noise ratio of a response to 
a probing x-ray diffractrometry beam by adjusting a ratio of 
material of the semiconductor layer and the semiconductor 
alloy in the test structure and/ or increasing a lattice mismatch 
of the crystalline base layer and the semiconductor layer. 
Finally, the method comprises determining at least one char 
acteristic of the semiconductor alloy using the semiconductor 
layer Within the test structure as a reference. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The disclosure may be understood by reference to the 
folloWing description taken in conjunction With the accom 
panying draWings, in Which like reference numerals identify 
like elements, and in Which: 

FIGS. la-lc schematically illustrate cross-sectional vieWs 
of a substrate as used for forming semiconductor devices 
according to different con?gurations during the evaluation of 
the germanium contents of an epitaxially formed silicon/ 
germanium alloy according to conventional techniques; 

FIGS. 2a-2c schematically illustrate cross-sectional vieWs 
of a semiconductor device including a test structure having an 
increased signal/noise ratio With respect to an x-ray diffrac 
trometry measurement according to illustrative embodiments 
disclosed herein; 

FIG. 2d schematically illustrates a top vieW of the test 
structure included in the device of FIG. 2a; 

FIG. 2e schematically illustrates the semiconductor device 
of FIG. 211 When comprising a plurality of test structures, each 
of Which may have different embedded semiconductor alloys; 

FIGS. 3a-3c schematically illustrate cross-sectional vieWs 
of a semiconductor device during various manufacturing 
stages for forming a test structure for x-ray measurements for 
estimating crystalline characteristics of a semiconductor 
alloy on the basis of test features having at least one lateral 
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6 
dimension in correspondence to actual device features 
according to further illustrative embodiments disclosed 
herein; 

FIGS. 4a-4b schematically illustrate cross-sectional vieWs 
of a Wafer bond technique, in Which a lattice mismatch 
betWeen a crystalline base material and an SOI layer is inten 
tionally increased in order to reduce the in?uence of the base 
material for a speci?ed angular scan range, according to 
further illustrative embodiments disclosed herein; and 

FIG. 40 schematically illustrates a graph shoWing an 
increased angular offset of intensity peaks of the crystalline 
base material and an SOI layer according to the SOI substrate 
of FIG. 4b. 

While the subject matter disclosed herein is susceptible to 
various modi?cations and alternative forms, speci?c embodi 
ments thereof have been shoWn by Way of example in the 
draWings and are herein described in detail. It should be 
understood, hoWever, that the description herein of speci?c 
embodiments is not intended to limit the invention to the 
particular forms disclosed, but on the contrary, the intention is 
to cover all modi?cations, equivalents, and alternatives fall 
ing Within the spirit and scope of the invention as de?ned by 
the appended claims. 

DETAILED DESCRIPTION OF THE INVENTION 

Various illustrative embodiments of the invention are 
describedbeloW. In the interest of clarity, not all features of an 
actual implementation are described in this speci?cation. It 
Will of course be appreciated that in the development of any 
such actual embodiment, numerous implementation-speci?c 
decisions must be made to achieve the developers’ speci?c 
goals, such as compliance With system-related and business 
related constraints, Which Will vary from one implementation 
to another. Moreover, it Will be appreciated that such a devel 
opment effort might be complex and time-consuming, but 
Would nevertheless be a routine undertaking for those of 
ordinary skill in the art having the bene?t of this disclosure. 
The present subject matter Will noW be described With 

reference to the attached ?gures. Various structures, systems 
and devices are schematically depicted in the draWings for 
purposes of explanation only and so as to not obscure the 
present disclosure With details that are Well knoWn to those 
skilled in the art. Nevertheless, the attached draWings are 
included to describe and explain illustrative examples of the 
present disclosure. The Words and phrases used herein should 
be understood and interpreted to have a meaning consistent 
With the understanding of those Words and phrases by those 
skilled in the relevant art. No special de?nition of a term or 
phrase, i.e., a de?nition that is different from the ordinary and 
customary meaning as understood by those skilled in the art, 
is intended to be implied by consistent usage of the term or 
phrase herein. To the extent that a term or phrase is intended 
to have a special meaning, i.e., a meaning other than that 
understood by skilled artisans, such a special de?nition Will 
be expressly set forth in the speci?cation in a de?nitional 
manner that directly and unequivocally provides the special 
de?nition for the term or phrase. 

Generally, the subject matter disclosed herein relates to a 
technique for determining crystalline characteristics of a 
semiconductor alloy, such as the contents of the species in the 
alloy, a strain of the semiconductor alloy and the like. For this 
purpose, generally a degraded signal/noise ratio of respective 
conventional x-ray diffractrometry measurements on pat 
terned SOI substrates may be signi?cantly increased in order 
to enable the detection of a corresponding intensity peak of 
the SOI layer so that an appropriate reference measurement 
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point is obtained, on the basis of Which the desired crystalline 
characteristics of the semiconductor alloy may be estimated. 
Since semiconductor alloys, such as silicon/ germanium, sili 
con/ carbon and the like, are frequently formed on patterned 
SOI structures in order to enhance the respective transistor 
performance of highly sophisticated CMOS devices, an 
appropriate control of the respective manufacturing process 
for forming the semiconductor alloys is of high importance 
With respect to process uniformity, device reliability and pro 
duction yield. Consequently, by signi?cantly reducing any 
inaccuracies With respect to the estimation of crystalline char 
acteristics, Which may typically be produced by conventional 
techniques of patterned SOI substrates, When the response of 
the semiconductor alloy is compared to the response of the 
base material, an ef?cient technique for sophisticated process 
calibration and control may be established on the basis of the 
non-destructive x-ray measurement techniques. 

With reference to the accompanying draWings, further 
illustrative embodiments Will noW be described, in Which 
e?icient techniques for increasing the detectability of the 
response of the patterned SOI layer may be accomplished in 
order to alloW meaningful and statistically relevant estima 
tions With respect to at least the contents of the respective 
components of the semiconductor alloy under consideration. 
According to one aspect, the thickness of any SOI layer 
features afterpatteming and forming the corresponding semi 
conductor alloy may be selected such that an increased 
responsiveness of the SOI features is generated, as Will be 
described in more detail With reference to FIGS. 2a-2e and 
311-319, While alternatives or additional measures for increas 
ing the si gnal/ noise ratio of x-ray measurements on patterned 
SOI devices Will be described in more detail With reference to 
FIGS. 4a-4b. 

FIG. 2a schematically illustrates a semiconductor device 
200 comprising a substrate 201, Which may represent a sili 
con base material, such as a silicon substrate or any other 
substantially crystalline semiconductor substrate. It should 
be appreciated that presently silicon material is preferably 
used for highly complex semiconductors, such as micropro 
cessors and the like, in Which complex CMOS circuits are 
used as one important circuit con?guration, due to the advan 
tages With respect to cost e?iciency, process complexity and 
the like. As previously explained, strained silicon material 
may represent a “neW type” of semiconductor material that 
enables a signi?cant gain in performance, that is, for other 
Wise identical device dimensions, a transistor element may 
have a signi?cantly enhanced operating speed When an appro 
priately strained silicon material, possibly in combination 
With other advantages, such as reduced band gap and the like, 
may be provided. Consequently, silicon may preferably be 
used in combination With semiconductor alloys, such as sili 
con/germanium, in order to impart to speci?c portions of 
devices the required crystalline characteristics or to increase 
the drive current capability. In many promising approaches, 
the semiconductor alloy may be provided in a highly local 
iZed manner, instead of creating a respective semiconductor 
alloy across the entire substrate, Which may be accomplished 
on the basis of sophisticated epitaxial groWth techniques, 
such as selective epitaxial techniques, implantation and the 
like, as Will be described later on in more detail. Conse 
quently, the respective processes may have to be performed 
on pre-patterned substrate portions in order to locally form 
the respective semiconductor alloy, Wherein these highly 
complex processes have to be thoroughly monitored in order 
to maintain device uniformity. Consequently, in some illus 
trative embodiments, the semiconductor device 200 may 
receive an appropriate semiconductor alloy in a respective 
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8 
manufacturing stage Wherein device features and a respective 
test structure may be formed in a common manufacturing 
sequence in order to provide a high degree of authenticity in 
evaluating the status of the present process technique. It 
should be appreciated, hoWever, that the principles disclosed 
herein may also be applied to the semiconductor device 200 
When representing a test substrate, on Which may be formed 
one or more test structures for estimating one or more pro 

cesses of speci?c manufacturing stages of an actual semicon 
ductor device. 
The device 200 may comprise a substrate 201 having 

formed thereon a buried insulating layer 203 folloWed by a 
semiconductor layer 204, Which may represent, in illustrative 
embodiments, a silicon-based material. Moreover, as previ 
ously explained, the device may comprise a ?rst device region 
220 and a second device region 230 for forming circuit ele 
ments and a test structure therein, respectively. The con?gu 
ration of the semiconductor device 200 With respect to the 
layer sequence of the substrate 201, the buried insulating 
layer 203 and the actual active semiconductor layer 204 may 
be referred to as a silicon-on-insulator (SOI) device, Wherein 
the device regions 220 and 230 may also be referred to as ?rst 
and second SOI regions. Moreover, in this manufacturing 
stage, a plurality of transistors 221 may be provided in the ?rst 
region 220 in a speci?c state, While the second region 230 
may represent a region for forming therein a test structure for 
obtaining information on crystalline characteristics of a semi 
conductor alloy still to be formed in the device 200. Accord 
ing to some e?icient process techniques, a silicon-based alloy 
may be formed Within speci?c device regions in the semicon 
ductor layer 204 in order to locally modify the device perfor 
mance. For instance, in one promising approach, as previ 
ously explained, strained or relaxed semiconductor material 
may be provided locally Within speci?ed transistor areas in 
order to obtain the desired effects of the semiconductor alloy. 
For instance, a strained semiconductor material may be pro 
vided in drain and source regions of the respective transistor 
elements, such as some of the transistor elements 221, in 
order to create a respective strain in the adjacent channel 
regions. According to one illustrative approach, this may be 
accomplished by selectively recessing the drain and source 
regions of speci?ed transistor elements and subsequently per 
forming an epitaxial groWth process for depositing a speci?ed 
amount of semiconductor material Within the previously 
formed recesses. Consequently, in the ?rst device region 220, 
a plurality of transistors 221P may receive a semiconductor 
alloy, such as a silicon/ germanium alloy, While some transis 
tors 22IN may not receive the corresponding semiconductor 
alloy, or may receive a different type of semiconductor alloy, 
as Will be described later on. For this purpose, an appropri 
ately designed mask layer 206 may be formed, Which may be 
comprised, for instance, of silicon nitride, silicon dioxide or 
any other appropriate mask material for appropriately pat 
terning the ?rst and second device regions 220, 230 and acting 
as a groWth mask in a subsequent epitaxial groWth process. 
Moreover, in the second device region 230, the mask layer 
206 may have respective openings 206A in order to provide a 
plurality of semiconductor regions Which may receive the 
semiconductor alloy under consideration, While a plurality of 
device areas are also de?ned, in Which the semiconductor 
layer 204 is maintained substantially With its entire thickness 
in order to provide enhanced responsiveness during an x-ray 
measurement, as Will be described later on. 
The semiconductor device 200 as shoWn in FIG. 211 may be 

formed on the basis of the folloWing processes. The substrate 
201 including the buried insulating layer 203 and the semi 
conductor layer 204, Which may also be referred to as an $01 
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layer, may be formed on the basis of Well-established tech 
niques, wherein, in many cases, enhanced Wafer bond tech 
niques are used. In this case, tWo crystalline base substrates 
are appropriately treated to alloW a bonding of respective 
substrate surfaces to each other, for instance comprising an 
oxidiZed portion, Which are subsequently bonded to each 
other in order to form the buried insulating layer 203, Wherein 
one of the substrates may then be separated at a respectively 
formed cleavage plane, thereby forming the semiconductor 
layer 204. As previously explained, since crystalline materi 
als of tWo different substrates may be combined, typically a 
speci?c degree of tWist and tilt With respect to the crystalline 
orientations of the base material 201 and the layer 204 may be 
obtained. 

Next, appropriate process steps may be performed in order 
to de?ne respective active regions 222 in the ?rst device 
region 220 Within the layer 204 on the basis of respective 
isolation structures 223, such as trench isolations, Wherein, in 
some illustrative embodiments, respective isolation struc 
tures may not be formed in the second device region 230, so 
as to not unduly “Waste” precious semiconductor material 
Which may be required for the x-ray measurements. The 
isolation structures 223 may be formed on the basis of Well 
established techniques, for instance photolithography, aniso 
tropic etch processes, deposition sequences, planariZation 
and the like. In other illustrative embodiments, When a high 
degree of authenticity is required With respect to estimating 
the crystalline characteristics of a semiconductor layer With 
respect to their effect on actual device features, some or all of 
the process steps in the ?rst region 220 may also be performed 
in the second device region 230, as Will be described in more 
detail With reference to FIGS. 3a-3c. 

Next, further processes may be performed in order to 
obtain respective encapsulated gate electrode structures 224, 
Which may include advanced oxidation and/or deposition 
techniques for forming respective gate insulation layers (not 
shoWn), folloWed by highly sophisticated patterning pro 
cesses including lithography and sophisticated etch tech 
niques. 

Next, the mask layer 206 may be formed, for instance by 
depositing an appropriate mask material, such as silicon 
nitride, Wherein, if required, an appropriate etch stop layer 
(not shoWn) may be provided. As illustrated, in the second 
device region 230, the mask layer 206 has the openings 206A 
for de?ning a plurality of areas for semiconductor alloy fea 
tures and a plurality of various semiconductor features of 
increased thickness. Next, the device 200 may be subjected to 
an appropriately designed etch process 207 for recessing 
exposed areas of the semiconductor layer 204. 

FIG. 2b schematically illustrates the semiconductor device 
200 after the end of the etch process 207. Hence, respective 
recesses 225 are formed adjacent to the exposed transistor 
elements 221P, and similarly respective openings 235 are 
formed in the second device region 230, Which may substan 
tially de?ne an area of respective test features to be formed by 
an appropriate semiconductor alloy in a subsequent selective 
epitaxial groWth process 208. In some illustrative embodi 
ments, the groWth process 208 may deposit a silicon/germa 
nium alloy on the basis of selective groWth techniques in 
order to provide a strained silicon/ germanium in the respec 
tive recesses 225, When the transistors 221P represent 
P-channel transistors. In other cases, the epitaxial groWth 
process 208 may produce a different type of semiconductor 
alloy, such as silicon/carbon as a strained semiconductor 
material, When a different type of strain is required in the 
respective transistors 221 P. 
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10 
FIG. 20 schematically illustrates the device 200 With 

respective semiconductor alloy regions 226 in the ?rst device 
region 220, While corresponding ?rst test features 236 of 
semiconductor alloy are formed in the second device region 
230, Wherein the respective “spacings” betWeen the ?rst test 
features 236 may be considered as second test features 237 
representing the semiconductor material of the layer 204, 
Wherein substantially the entire thickness of the layer 204 
may be available for interacting With an x-ray beam directed 
onto the second device region 230 during a test procedure in 
a later stage. Thereafter, the mask layer 206 may be removed 
by highly selective etch techniques and, if required, further 
processing may be continued on the basis of respective manu 
facturing techniques for completing the transistor devices 
221. It should be appreciated that, after the epitaxial groWth 
process 208 and the removal of the mask layer 206, the 
characteristics of the material of the region 236 and, thus, of 
the material of the region 226 may be ef?ciently estimated on 
the basis of the second device region 230 by performing a 
corresponding x-ray diffraction measurement as previously 
described With reference to FIGS. la-lc. 

FIG. 2d schematically illustrates a top vieW of the second 
device region 230, Which comprises the ?rst test features 236 
and the second test features 237, Which commonly de?ne a 
test structure 238, in Which the second test features 237 pro 
vide enhanced responsiveness for an incoming x-ray beam, 
since a signi?cant portion of the depth, substantially the entire 
thickness of the initial semiconductor layer 204 in the 
embodiment shoWn, may be available for creating a scattered 
x-ray beam. Consequently, upon performing a respective 
angular scan With a mono-energetic x-ray beam for obtaining 
a respective intensity pro?le of the scattered beam, an 
increased intensity may be obtained for the material of the 
layer 204, Which may therefore be detected and may be used 
as a reference With respect to a respective intensity peak 
generated by the ?rst test features 236. Consequently, the 
crystalline characteristics, such as composition of the semi 
conductor alloy in the ?rst test features 236, a degree of strain 
contained therein and the like, may be estimated With 
increased accuracy, since the angular difference betWeen the 
respective intensity peaks may be determined on the basis of 
a respective response signal having a increased signal/noise 
ratio With respect to the signal created by the second test 
features 237. Consequently, the crystalline characteristics of 
the semiconductor alloy in the ?rst test features 236, Which 
depend on the characteristics of the material of the layer 204, 
may be determined Without being affected by any possible 
differences in crystalline orientation betWeen the layer 204 
and the underlying crystalline base material 201. Moreover, it 
should be appreciated that, even if the base material 201 and 
the layer 204 may have substantially the same crystalline 
con?guration, due to a speci?c manufacturing process for 
forming the SOI con?guration, such as a SIMOX technique, 
in Which the buried insulating layer may be formed by oxygen 
implantation, an enhanced accuracy may be obtained by pro 
viding an increased portion of silicon having experienced the 
previous process sequences such that the intensity peak 
caused by the features 237 and the underlying base material 
201 may also “include” information regarding crystalline 
characteristics of the layer 204, Which may have resulted 
during the preceding manufacturing processes. 

It should be appreciated that the con?guration of the test 
structure 238 as shoWn in FIG. 2d is of an illustrative nature 
only and any other con?guration may be selected as long as a 
plurality of test features 237 are provided Which may substan 
tially extend along the entire thickness of the layer 204. For 
instance, the test structure 238 as shoWn in FIG. 2d may 
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provide enhanced insensitivity to any alignment inaccuracies 
during a respective test measurement on the basis of an appro 
priate x-ray beam, since a translation along the length direc 
tion, as indicated by the arrow L, may nevertheless provide a 
response of at least some of the second features 237, While a 
translation along the Width direction W may not, at least for a 
certain range, signi?cantly affect the resulting output. In 
other cases, an increased insensitivity in both directions may 
be obtained by providing a plurality of ?rst and second test 
features 236, 237, Which may be “interleaved” in both direc 
tions L and W, for instance by providing a checkered pattern, 
or any other appropriate layout. 
As previously explained, in some illustrative embodi 

ments, the test structure 238 may be provided on a dedicated 
substrate, possibly along With other test structures for obtain 
ing respective calibration data and the like in order to appro 
priately adjust process parameters of the process 208 for 
forming the semiconductor alloy in the features 236. In other 
illustrative embodiments, shoWn With reference to FIGS. 
211-2c, the test structure 238 may be provided on dedicated 
locations of one or more actual products so that ef?cient 
monitoring of the respective process 208 may be accom 
plished With a high degree of authenticity, Wherein, in some 
illustrative embodiments, respective measurement data may 
also be used for controlling the process 208. For instance, the 
respective x-ray measurement data may be available Within 
several minutes and, thus, may be considered as in-line mea 
surement data, Which may then be delivered to a respective 
control system for adjusting process parameters of the epi 
taxial groWth process. For example, ef?cient advanced pro 
cess control (APC) systems may be used in order to re-adjust 
corresponding target values of process parameters in accor 
dance With the x-ray measurement data obtained from the test 
structure 238. In some illustrative embodiments, the contents 
of the semiconductor species forming the alloy in the test 
features 236 may be determined on the basis of respective 
x-ray measurement data. In other illustrative embodiments, 
additionally or alternatively, the degree of strain of the mate 
rial in the test features 236 may be determined, Which may 
also enable the evaluation of the effect of the semiconductor 
alloy 226 on the respective transistor elements 221P. 

FIG. 2e schematically illustrates the semiconductor device 
200 in accordance With a further illustrative embodiment. 
Here, a further device region 240 may be provided to de?ne a 
second test structure 248, Which may comprise ?rst test fea 
tures 246 and second test features 247, Wherein the test fea 
tures 246 may be comprised of a further semiconductor alloy, 
such as silicon/carbon and the like, While the second test 
features 247 may represent respective semiconductor por 
tions of the initial layer 204 substantially extending over the 
entire thickness thereof. As previously explained, in highly 
advanced applications, tWo different types of strain-inducing 
semiconductor alloys may be frequently used to respectively 
enhance the performance of different types of transistors. 
Hence, the respective manufacturing processes, although 
interrelated to each other due to thermal treatments and the 
like, may signi?cantly differ from each other With respect to 
type of process, process parameters and the like. Hence, 
respective calibration and monitoring may be required for the 
second type of semiconductor alloy. Thus, based on respec 
tive process sequences, the ?rst and second test structures 
238, 248 may be formed, Wherein the test structures 238, 248, 
in one illustrative embodiment, may be arranged so as to 
alloW a concurrent measurement process, i.e., obtaining the 
required information during the same x-ray scan. In other 
illustrative embodiments, When, for instance, the test struc 
tures 238, 248 are completed at very different manufacturing 
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12 
stages, they may be arranged so as to be individually acces 
sible by a respective x-ray measurement. In some illustrative 
embodiments, the second test structure 248 may be formed at 
least on substantially the same principles as previously 
described With reference to the test structure 238, i.e., a 
respective epitaxial groWth process may be performed in 
order to provide semiconductor alloy in the regions 246. In 
one illustrative embodiment, as shoWn in FIG. 2e, the second 
test structure 248 may be formed on the basis of a manufac 
turing sequence 210, Which may comprise appropriate 
implantation processes accompanied by speci?cally 
designed anneal cycles, such as laser-based and ?ash-based 
anneal techniques for activating the semiconductor species 
incorporated by a preceding implantation process. For this 
purpose, a respective implantation mask 211 may be pro 
vided, Which may cover the ?rst test structure 238 and possi 
bly any other device areas, in Which the introduction of the 
semiconductor species, such as carbon, may not be desired. 
Thereafter, any appropriate implantation process, Which may 
include an amorphiZation implantation folloWed by the depo 
sition of a respective concentration of, for instance, carbon, 
may folloW With a subsequent highly ef?cient anneal process. 
With respect to the con?guration of the second test structure 
248, the same criteria apply as previously explained With 
reference to the structure 238. That is, the ?rst and second test 
features 246, 247 may be arranged in any appropriate manner 
as long as a plurality of ?rst and second test features are 
provided so as to provide substantial insensitivity for align 
ment inaccuracies and to provide a required thickness of the 
second test features 247, Which may extend substantially 
along the entire thickness of the initial semiconductor layer 
204. 

Thereafter, the test structure 248 may be subjected to a 
respective x-ray measurement, Wherein a respective measure 
ment of the ?rst test structure 238 may be performed concur 
rently or at different points of the manufacturing sequences. It 
should be appreciated that, in some illustrative embodiments, 
the ?rst and the second test structures 238, 248 may be pro 
vided in an “interleaved” manner, Wherein the ?rst test fea 
tures 236, 246 of the ?rst and second test structures may be 
arranged in a spatially neighboring manner along With neigh 
boring respective ?rst test features 247, 237, thereby alloWing 
concurrent access by an x-ray beam and thus a measurement 
of the crystallographic characteristics of the ?rst and the 
second semiconductor alloy of the features 236 and 246. 
As previously indicated, in some cases, it may be advanta 

geous to provide a high degree of authenticity With respect to 
the manufacturing sequence and the corresponding process 
results obtained for actual circuit elements. In this case, many 
of the substantial manufacturing processes may also be used 
in forming the test structure 238, Wherein, nevertheless, a 
high degree of coverage With semiconductor alloy and initial 
semiconductor material With a desired high thickness may be 
accomplished. 

With reference to FIGS. 3a-3c, further illustrative embodi 
ments Will noW be described, Wherein a plurality of dummy 
features may be formed in the test structures, Without unduly 
adding any additional noise during an x-ray measurement. 

FIG. 3a schematically illustrates a cross sectional vieW of 
a semiconductor device 300 comprising a ?rst device region 
320 and a second device region 330. The device regions 320, 
330 may represent SOI regions in the above-de?ned sense, as 
is also explained With reference to the device 200. Hence, the 
device 300 may comprise a crystalline base material 301, a 
buried insulating layer 303 and an active semiconductor layer 
304. With respect to the characteristics of the SOI con?gura 
tion de?ned by the components 301, 303 and 304, the same 
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criteria apply as previously explained. Moreover, in the ?rst 
device region 320 and in the second device region 330, a gate 
insulation layer 326 may be formed, Wherein, in some illus 
trative embodiments, respective isolation trenches 323 addi 
tionally may be formed in accordance With device require 
ments. Respective isolation trenches may not be formed in the 
second device region 330, if the amount of semiconductor 
material consumed by these trenches is considered inappro 
priate With respect to the signal/noise ratio of an x-ray dif 
fractometry measurement. Moreover, a corresponding mask 
351 may be formed to cover the ?rst device region 320 While 
exposing the second device region 330. 

The device 300 as shoWn in FIG. 311 may be formed on the 
basis of process techniques corresponding to Well established 
process sequences for forming circuit elements in the device 
region 320. Moreover, the device 300 may be exposed to an 
etch ambient 352 for removing the gate insulation layer 326 
from the second device region 330 in order to expose the 
crystalline semiconductor area 304. Appropriate selective 
etch recipes are Well established in the art. Next, a semicon 
ductor material, such as silicon, may be deposited on the basis 
of Well-established recipes, Wherein the silicon material may 
be deposited as a polycrystalline material in the ?rst device 
region 320, due to the presence of the gate insulation layer 
326, While the silicon material in the second device region 
330 may be provided as a substantially crystalline material, 
Which may adapt the crystalline characteristics of the under 
lying semiconductor layer 304. If required, appropriate 
anneal processes may be performed after the deposition of the 
silicon material in order to provide a high degree of crystal 
linity of the material deposited. 

FIG. 3b schematically illustrates the semiconductor device 
300 in a further advanced manufacturing stage. Here, respec 
tive gate electrode structures 324 may be formed in the ?rst 
device region 320, While respective “dummy” gate electrodes 
324D may be formed in the second region 330 on the basis of 
the substantially crystalline semiconductor material previ 
ously formed. To this end, Well-established processes includ 
ing lithography and sophisticated etch techniques may be 
used in accordance With the device requirements for the gate 
electrode structures 324, Wherein minor differences With 
respect to the etch behavior and the control of the correspond 
ing etch process in the second device region 330 may not be 
relevant, since a slightly modi?ed siZe and shape of the 
respective gate electrodes 342D may not affect the e?iciency 
of the test structure to be formed in the second device region 
330. Thereafter, the further processing may be continued, as 
is for instance also described With reference to FIG. 20 in 
order to form the respective semiconductor alloy, such as 
silicon/ germanium, silicon/carbon and the like, by an appro 
priately designed selective epitaxial groWth process, Which 
may be preceded by a corresponding cavity etch process. 

FIG. 30 schematically illustrates the semiconductor device 
300 after the completion of the above-described process 
sequence. Hence, corresponding transistor elements 321 may 
be formed in the ?rst device region 320, Which may include, 
at this manufacturing stage, respective portions of semicon 
ductor alloy in the regions 326, Wherein, in the second device 
region 330, a test structure 338 is formed, Which may include 
features 336 of similar dimensions compared to the actual 
circuit elements 321, Wherein, nevertheless, a high degree of 
“reference material” may be provided in the form of test 
features 337, Which may include the dummy gate structures 
324D and Which may have substantially the same crystalline 
structure as the material of the layer 304. Similarly, the 
respective ?rst test features 336 may be formed in accordance 
With dimensions comparable to the regions 326, thereby pro 
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viding a high degree of authenticity With respect to process 
induced crystallographic characteristics of the semiconduc 
tor alloy in the region 336, While nevertheless providing a 
high or even enhanced thickness of the second test features 
337. Consequently, the test structure 338 may be used highly 
e?iciently for determining respective crystallographic char 
acteristics on the basis of “reference” test features 337 pro 
viding an even increased thickness, While a comparable cov 
erage With semiconductor alloy may be achieved, as is 
previously discussed With reference to the device 200. Con 
sequently, pattem-induced process variations may be e?i 
ciently detected on the basis of the test structure 338. It should 
be appreciated that the test structure 338 may be combined so 
as to include at least one further semiconductor alloy, as is 
also described above With reference to FIG. 2d for the device 
200. 
As previously indicated, the unWanted high signal intensity 

of the base material in an SOI con?guration may not alloW a 
reliable detection of the corresponding intensity peak of the 
SOI layer. Thus, according to one illustrative embodiment, 
the crystalline characteristics of the base material With 
respect to the SOI layer may be intentionally adjusted so as to 
obtain a suf?ciently high tilt mismatch to avoid a high inten 
sity peak Within a desired angular range. 

FIG. 4a schematically illustrates a ?rst substrate 401A and 
a second substrate 401B, Which may have a moderately high 
tilt 0t With respect to, for instance, the surface orientation of 
the base crystalline materials, as indicated by the correspond 
ing arroWs A, B. A corresponding tilt may be obtained by 
forming an oblique surface at one or both of the substrates 
401A, 401B so that, after bonding the substrates 401A, 401B, 
a respective tilt of the crystal orientation may be obtained. In 
the embodiment illustrated, the substrates 401A, 401B may 
have formed thereon, if required, a respective insulating 
material, such as silicon dioxide and the like, in order to 
commonly de?ne a buried insulating layer after the bonding 
ofthe substrates 401A, 401B. 

FIG. 4b schematically illustrates the device 400 after bond 
ing the substrates 401A, 401B and after cleaving one of the 
substrates, such as the substrate 40 1B, thereby providing a 
semiconductor layer 404 formed on a buried insulating layer 
403, Which in turn is formed above the base crystalline mate 
rial 401. 

FIG. 40 schematically illustrates respective measurement 
data as may be obtained from the device 400, Wherein respec 
tive intensity peaks S401 and S404 may be spaced in the 
angular range by at least 2 degrees or even more, so that, for 
a prede?ned angular scan range S, as indicated in the draWing, 
a respective high intensity peak of the crystalline base mate 
rial 410 may be Well outside of the range S. Consequently, 
When forming respective test structures for patterned SOI 
con?gurations on the basis of the device 400, a signi?cantly 
reduced interference of the base material 401 With respect to 
the layer 404 may be obtained, thereby enhancing the signal/ 
noise ratio When estimating the characteristics of a semicon 
ductor alloy formed in the layer 404 as is previously 
described. In some illustrative embodiments, any layout for a 
respective test structure may be used in the layer 404, While 
nevertheless providing the potential for obtaining statistically 
relevant results, Whereas, in other illustrative embodiments, 
the principles described With reference to FIGS. 4a and 4b 
may be combined With any of the above concepts for forming 
respective test structures, such as the structures 238, 248, 338, 
thereby enhancing even more the ef?ciency of the respective 
x-ray measurements. 
As a result, the subject matter disclosed herein provides 

e?icient techniques for determining crystalline characteris 
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tics of semiconductor alloys in patterned SOT con?gurations, 
such as silicon/ germanium, silicon/carbon and the like, on the 
basis of ef?cient test structures, Wherein, in some aspects, a 
thickness of the SOI semiconductor layer may be maintained 
in signi?cant portions of the test structure in order to produce 
an increased response to the incoming x-ray beam. Conse 
quently, a respective intensity peak may be detected and may, 
therefore, be more e?iciently used for estimating the crystal 
line characteristics of the semiconductor alloy. Hereby, a high 
degree of ?exibility in creating a respective test structure 
layout may be achieved so as to alloW a high degree of 
authenticity With actual manufacturing processes. Conse 
quently, the calibration and monitoring of respective pro 
cesses for creating semiconductor alloys in patterned SOT 
structures, such as selective epitaxial groWth techniques, 
standard epitaxial groWth techniques, implantation-based 
processes and the like, may be highly e?iciently accom 
plished, Wherein, due to the non-destructive and rapid mea 
surement process, respective in-line process data may be 
created to enhance even further the control of the respective 
manufacturing processes. Moreover, a plurality of semicon 
ductor alloys may be evaluated on the basis of separate test 
structures or combined test structures, Wherein the initial 
layer thickness of the SOI layer may be maintained in the 
respective semiconductor “reference” test features. In other 
aspects, the signal/noise ratio of respective x-ray measure 
ments may, additionally or alternatively, be increased by 
intentionally modifying the lattice mismatch betWeen the 
crystalline base material and the SOI layer in order to remove 
a corresponding high intensity peak from an angular range of 
interest. 

The particular embodiments disclosed above are illustra 
tive only, as the invention may be modi?ed and practiced in 
different but equivalent manners apparent to those skilled in 
the art having the bene?t of the teachings herein. For example, 
the process steps set forth above may be performed in a 
different order. Furthermore, no limitations are intended to 
the details of construction or design herein shoWn, other than 
as described in the claims beloW. It is therefore evident that 
the particular embodiments disclosed above may be altered or 
modi?ed and all such variations are considered Within the 
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scope and spirit of the invention. Accordingly, the protection 
sought herein is as set forth in the claims beloW. 
What is claimed: 
1. A method, comprising: 
providing a substrate comprising a silicon-on-insulator 

(SOT) portion having a crystalline base layer, a buried 
insulator layer, and a crystalline semiconductor layer; 

forming a test structure on said substrate, said test structure 
including a semiconductor alloy embedded in said crys 
talline semiconductor layer; 

increasing a signal/noise ratio of a response to a probing 
x-ray diffractometry beam by at least one of adjusting a 
ratio of material of said crystalline semiconductor layer 
and said semiconductor alloy in said test structure or 
increasing a lattice mismatch of said crystalline base 
layer in said crystalline semiconductor layer; and 

determining at least one characteristic of said semiconduc 
tor alloy using said crystalline semiconductor layer 
Within said test structure as a reference. 

2. The method of claim 1, Wherein said signal/noise ratio is 
increased by adjusting a ratio of material of said crystalline 
semiconductor layer and said semiconductor alloy in said test 
structure by providing a plurality of regions of said semicon 
ductor alloy. 

3. The method of claim 2, Wherein said plurality of regions 
is provided to have at least one lateral device dimension that 
corresponds to a design dimension of a transistor element. 

4. The method of claim 3, Wherein providing said plurality 
of regions comprises forming said plurality of regions in said 
test structure and forming a plurality of transistor elements in 
a common manufacturing process. 

5. The method of claim 1, further comprising forming said 
SOT portion by a substrate bond process and adjusting a lattice 
mismatch betWeen a ?rst substrate comprising said crystal 
line base layer and a second substrate comprising said crys 
talline semiconductor layer. 

6. The method of claim 1, Wherein forming said semicon 
ductor alloy comprises performing an epitaxial groWth pro 
cess. 

7. The method of claim 1, Wherein forming said semicon 
ductor alloy comprises performing an implantation process. 

* * * * * 


